ABS1IRACT Measurements of lung mechanical behaviour as a function of respiratory frequency may be associated with significantly increased ventilation at high breathing rates. It follows that these measurements may be influenced by hypocapnia which has been shown to increase airflow resistance and to decrease dynamic compliance. To examine this possibility we continuously monitored the end-tidal CO2 tension during the determination of pulmonary resistance and dynamic compliance as functions of frequency and we compared measurements obtained by the standard method and by a technique designed to prevent the development of hypocapnia at high breathing rates. We studied 11 patients with chronic obstructive pulmonary disease and also two smokers with normal spirometry and resistance. Although conventional measurements at frequencies higher than 40-45 breaths/min were associated with a significant decrease in end-tidal C02, no systematic differences were found between the values of pulmonary resistance and dynamic compliance obtained by the two techniques. Our data indicate that the development of hypocapnia at high breathing rates does not significantly affect measurements of resistance and compliance as functions of frequency, at least when the duration of each period of hyperventilation is limited to the minimum necessary for a single determination, which was less than 30 seconds in the present study. A comparison of our results with previously published data suggests that the time factor may be critical with respect to the possible effects of hypocapnia on these measurements.
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Studies of the mechanical behaviour of the lung as a function of respiratory frequency are generally based on measurements performed at different breathing rates at constant tidal volume, so that determinations at high frequencies are associated with significantly increased ventilation. It is therefore possible that these measurements are influenced by hypocapnia, which has been found to increase airflow resistance and to decrease dynamic compliance in both normal subjects and patients with obstructive lung disease.1-6 To explore this possibility we studied the changes in end-tidal C02 tension associated with the determination of lung mechanical behaviour as a function of frequency and we compared measurements of pulmonary resistance and dynamic compliance, performed at high breathing rates, by the conventional method and by a technique designed to prevent the development of hypocapnia.
Methods
Eleven patients with chronic obstructive pulmonary disease were studied. Their The subjects were studied while sitting in the body plethysmograph; they were instructed to breathe at various respiratory frequencies without significantly changing the level of lung inflation or tidal volume. The duration of each period of breathing at an imposed frequency was limited to the minimum necessary to record a single pressure-flow tracing for the measurement of RL, or 10-20 breaths for that of Cdyn (less than 30 s at frequencies higher than 40-45 breaths/min). Each determination was followed by an adequate period of spontaneous breathing to allow recovery to basal conditions. In each subject RL or Cdyn or both were measured at 3* frequencies generally ranging between [8] [9] [10] and 50-60 breaths/min; beyond these limits most subjects tended to significantly change the tidal volume or the level of lung inflation or both. Measurements of RL and Cdyn were discarded when the tidal volume deviated more than 50% from the average value during spontaneous breathing, or the end-expiratory level shifted more than 0 5 litre. The coefficient of variation ranged from 8-3 to 25 6% for the tidal volume, and from 3 6 to 9 4 % for FRC (plethysmographic method). The coefficient of variation of repeated measurements during spontaneous breathing was 4 9 to 19-7% for RL and 5 8 to 14.5% for Cdyn.
The C02 concentration of respired gas sampled at the mouthpiece was measured with an infrared analyser (Capnograph Godart) to obtain a continuous recording of end-tidal CO2 concentration; the corresponding data were expressed as end-tidal CO2 tension (PETCO2). The 90 % response time of the C02-recording system (including the tubing from mouthpiece to analyser) was approximately 0-2-0-3 s. Measurements of RL and Cdyn at high respiratory frequencies were made: (a) following the standard technique described above; (b) with the subject inhaling C02 in air to prevent the development of hypocapnia. Since the inspiratory C02 concentration required to maintain PETCO2 constant varied with tidal volume and respiratory frequency, a controlled flow of C02 in air was added to the inspired gas at a measured distance from the opening of the instrumental airway (to ensure proper mixing of the two gas streams). The CO2 flow could be adjusted using a variable-speed pump. By this technique PETCO2 could generally be maintained at a level very close to that observed during spontaneous breathing. All observations associated with a value more than 5 mmHg (0 7 kPa) above or below this In conclusion, the present data indicate that the development of hypocapnia during rapid breathing does not substantially affect the conventional measurement of RL and Cdyn as functions of respiratory rate, at least under the experimental conditions of the present study; thus special measures designed to prevent the fall in C02 tension appear to be unnecessary. It seems possible that in some of our measurements at high respiratory frequencies the level of hypocapnia was insufficiently low to evoke a bronchial response. However, a comparison of our results with those of previous studiesl 3 5 suggests that the duration of the period of rapid respiration may be critical, with respect to the effects of hypocapnia on the measurement of RL and Cdyn. In the present experiments, the duration of each measurement was less than 30 s (from the onset of rapid breathing) at frequencies exceeding 40-45 breaths/min. Studies of the time course of the response to hypocapnia have shown that changes in lung mechanics may occur within the first minute of hyperventilation.5 This suggests a relatively narrow safety margin with respect to the prevention of possible effects of hypocapnia in conventional studies of frequency dependence.
